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IMPLANTABLE THERAPEUTIC SUBSTANCE INFUSION DEVICE WITH 
ACTIVE LONGEVITY PROJECTION 

BACKGROUND OF THE INVENTION 

This disclosure relates to a medical device and more particularly to an implantable 
therapeutic substance infusion device also known as an implantable drug pump. 

The medical device industry produces a wide variety of electronic and mechanical 
devices for treating pa tient medical conditions. Depending upon medical condition, 
medical devices can be surgically implanted or connected externally to the patient 
receiving treatment Clinicians use medical devices alone or in combination with 
therapeutic substance therapies and surgery to treat patient medical conditions. For some 
medical conditions, medical devices provide the best, and sometimes the only, therapy to 
restore an individual to a more healthful condition and a fuller life. One type of medical 
device is an implantable therapeutic substance infusion device. 

An implantable therapeutic substance infusion device is implanted by a clinician 
into a patient at a location appropriate for the therapy. Typically, a therapeutic substance 
infusion catheter is connected to the device outlet and implanted to infuse the therapeutic 
substance such as a drug or infiisate at a programmed infusion rate and predetermined 
location to treat a condition such as pain, spasticity, cancer, and other medical conditions. 
Many therapeutic substance infusion devices are configured, so the device can be 
replenished with therapeutic substance through a septum while the device is implanted, so 
the time the device can be implanted may not be limited by therapeutic substance capacity. 
An example of an implantable therapeutic substance infusion is shown in Medtronic, Inc. 
product brochure entitled "SynchroMed® Infusion System" (1995). 

Electrically powered implanted therapeutic substance infusion devices can require 
replacement once implanted due factors such as batteiy consumption, corrosive damage, 
and mechanical wear. Since replacement of the implanted device requires an invasive 
procedure of explanting the existing device and implanting a new device, it is desirable to 
only replace the infusion device when replacement is required. Replacement of previous 
implantable infusion devices was typically scheduled based upon a worst-case statically 
forecasted elective replacement period. The worst-case scenario typically resulting in the 
implanted infusion device being replaced several months or even years before the 
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implanted infusion device required replacement Some previous implantable pulse 
generators such as pacemakers have monitored a single sensed battery condition to 
estimate replacement time for the implanted device or battery such as shown in U.S. 
Patent No. 6,167,309 "Method For Monitoring End Of Life For Battery" by Lyden 
(December 26, 2000). 

For the foregoing reasons, there is a need for an implantable therapeutic substance 
infusion device with active longevity prediction to increase the infusion device's effective 
life, reduce the need for a clinician to perform static longevity forecasts for therapy 
changes, facilitate elective replacement scheduling for the convenience of the patient and 
clinician, and many other improvements. 

SUMMARY OF THE INVENTION 

An implantable therapeutic substance infusion device embodiment with active 
longevity projection more accurately predicts an elective replacement period for the 
infusion device to increase the infusion device's effective life, reduce the need for a 
clinician to perform static longevity forecasts for therapy changes, facilitate elective 
replacement scheduling for the convenience of the patient and clinician, and many other 
improvements. Active longevity projection is accomplished with a longevity prediction 
program that correlates at least one preset parameter to at least one sensed parameter to 
calculate an elective replacement period for the infusion device. The preset parameter is 
resides in memory and is indicative of longevity of the infusion device. The sensed 
parameter is accessible by the processor indicative of longevity of the infusion device. 
The infusion device has a housing; a power source; a therapeutic substance reservoir 
configured for containing a therapeutic substance and being refilled with the therapeutic 
substance while implanted; a therapeutic substance pump fluidly coupled to the 
therapeutic substance reservoir, and electrically coupled to the power source; and, 
electronics electrically coupled to the power source and coupled to the therapeutic 
substance pump. The electronics include a processor; memory coupled to the processor; 
an infusion program residing in memory, the infusion program capable of being modified 
once the therapeutic substance infusion device is implanted; and, transceiver circuitry 
coupled to the processor for externally receiving and transmitting therapeutic substance 
infusion device information. Many embodiments of the therapeutic substance delivery 
device with active longevity projection and its methods of operation are possible. 
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BRIEF DESCRIPT ION OF TUT? DRAWINGS 
FIG. 1 shows the environment of an implantable therapeutic substance infusion device 
embodiment; 

FIG. 2 shows an implantable therapeutic substance infusion device with catheter 
embodiment; 

FIG. 3 shows an implantable therapeutic substance infusion device embodiment; 
FIG. 4 shows the implantable therapeutic substance infusion device of FIG. 3 with a 

portion of a housing removed to show a piston pump embodiment; 
FIG. 5 shows an exploded view of an implantable therapeutic substance infusion device 
with peristaltic pump embodiment; 

FIG. 6 shows a block diagram of an implantable therapeutic substance infusion device 
embodiment; 

FIG. 7 shows a table for longevity determination based up scenarios for an implantable 
therapeutic substance infusion device embodiment; 

FIG. 8 shows a graph of battery life versus flow rate for an implantable therapeutic 
substance infusion device embodiment; 

FIG. 9 shows a graph of pump revolutions versus flow rate for an implantable therapeutic 
substance infusion device embodiment; 

FIG. 10 shows a block diagram of a method for operating an implantable therapeutic 

substance infusion device embodiment with active longevity projection; 

FIG. 1 1 shows a detailed block diagram for operating an implantable therapeutic substance 

infusion device embodiment with active longevity projection; and, 

FIG. 12 shows a block diagram of a longevity extension program for an implantable 

therapeutic substance infusion device embodiment with active longevity projection. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 shows the environment of an implantable medical device known as an 
implantable therapeutic substance delivery device 30, also known as a drug pump, having 
a permanent magnet solenoid pump embodiment The therapeutic substance delivery 
device 30 can be used for a wide variety of therapies such as pain, spasticity, cancer, and 
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many other medical conditions. Hie implantable therapeutic substance delivery device 30 
is typically implanted by a clinician such as a surgeon in a sterile surgical procedure 
performed under local, regional, or general anesthesia. Before implanting the therapeutic 
substance delivery device 30, a catheter 32 is typically implanted with the distal end 
position at the desired therapeutic substance delivery site 34 and the proximal end 
tunneled to the location where the therapeutic substance delivery device 30 is to be 
implanted. The implantable therapeutic substance delivery device 30 is generally 
implanted subcutaneously about 2.5 cm (1 .0 inch) beneath the skin where there is 
sufficient subcutaneous tissue to support the implanted system. Once the therapeutic 
substance delivery device 30 is subcutaneously implanted into the patient, the incision can 
be sutured closed and the therapeutic substance delivery device 30 can begin operation. 

The therapeutic substance delivery device 30 operates to infuse a therapeutic 
substance 36 at a programmed rate into a patient 38. The therapeutic substance 36 is a 
product or substance intended to have a therapeutic effect such as pharmaceutical 
compositions, genetic materials, biologies, and other substances. Pharmaceutical 
compositions are chemical formulations intended to have a therapeutic effect such as 
intrathecal antispasmodics, pain medications, chemotherapeutic agents, and the like. 
Pharmaceutical compositions are often configured to function in an implanted 
environment with characteristics such as stability at body temperature to retain therapeutic 
qualities, concentration to reduce the frequency of replenishment, and the like. Genetic 
materials are substances intended to have a direct or indirect genetic therapeutic efifect 
such as genetic vectors, genetic regulator elements, genetic structural elements, DNA, and 
the like. Biologies are substances that are living matter or derived from living matter 
intended to have a therapeutic effect such as stem cells, platelets, hormones, biologically 
produced chemicals, and the like. Other substances are substances intended to have a 
therapeutic effect yet are not easily classified such as saline solution, fluoroscopy agents, 
and the like. 

The therapeutic substance 36 can be replenished in some embodiments of the 
implanted therapeutic substance delivery device 30 by inserting a non-coring needle 
connected to a syringe filled with therapeutic substance 36 through the patient's skin into a 
septum 40 on the therapeutic substance delivery device 30 to fill die implanted device. If 
the therapeutic substance delivery device 30 requires replacement due to conditions such 



WO 02/074368 



PCT/US02/04008 



5 

as battery depletion or other condition, an incision is made near the implanted therapeutic 
substance delivery device 30, and the old therapeutic substance delivery device 30 is 
removed, also known as explanted. After the old therapeutic substance delivery device 30 
has been explanted, typically a new therapeutic substance delivery device 30 is then 
implanted. 

FIGS. 2-5 show views of an implantable therapeutic substance infusion device 
embodiment with active longevity projection, and FIG. 6 shows a block diagram device 
embodiment Hie implantable therapeutic substance infusion device with active longevity 
projection comprises a housing 41, a power source 42, a therapeutic substance reservoir 
44, a therapeutic substance pump 46, electronics 48, at least one preset longevity 
parameter 50, and at least one sensed longevity parameter 52. The housing 41 is 
manufactured from a material that is biocompatible and hermetically sealed such as 
titanium, tantalum, stainless steel, plastic, ceramic, and the like. The power source 42 is 
carried in the housing 41 . The power source 42 is selected to operate the therapeutic 
substance pump 46 and electronics 48 such as a lithium ion (Li+) battery, capacitor, and 
the like. 

The therapeutic substance ipservoir 44 is carried in the housing 41 . The 
therapeutic substance reservoir 44 is configured for containing a therapeutic substance 36. 
The therapeutic substance reservoir 44 is configured to be refilled with therapeutic 
substance 36 while implanted. The therapeutic substance pump 46 is carried in the 
housing 41 . The therapeutic substance pump 46 is fluidly coupled to the therapeutic 
substance reservoir 44 and electrically coupled to the power source 42. The therapeutic 
substance pump 46 is a pump 46 that is sufficient for infusing therapeutic substance 36 
such as a piston pump (FIG. 4), a peristaltic pump (FIG. 5) that can be found in the 
SynchroMed® Infusion System available from Medtronic, Inc., or a pump powered by a 
stepper motor, an AC motor, a DC motor, an electrostatic diaphragm, a piezoelectric 
diaphragm, a piezoelectric motor, a solenoid, a shape memory alloy, and the like. 

The electronics 48 are carried in the housing 41 and coupled to the therapeutic 
substance pump 46 and the power source 42. The electronics 48 include a processor, 

memory," ^infusion programrand transceiver circuity." The processor can be an- - 

Application Specific Integrated Circuit (ASIC) state machine, a gate array, controller, and 
the like. The electronics 48 are configured to control the therapeutic substance pump 46 
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infusion rate and can be configured to operate many other features such as patient alarms 
and the like. The infusion program resides in memory and is capable of being modified 
once the therapeutic substance infusion device is implanted. The transceiver circuitry is 
coupled to the processor for externally receiving and transmitting therapeutic substance 
infusion device information. 

The preset longevity parameter 50 is at least one preset longevity parameter 50 
residing in memory. The preset longevity parameter 50 serves as a means for storing at 
least one preset parameter 50 indicative of longevity of the implantable therapeutic 
substance infusion device. The preset longevity parameter 50 can be any parameter that 
correlates with the longevity of the implantable therapeutic substance infusion device 30 
such as battery installation date, elective replacement battery voltage threshold, pre-end- 
of-life battery voltage threshold, end-of-life battery voltage threshold, implant time early 
replacement, end-of-life implant time, pump revolutions elective replacement, pump 
revolutions end-of-life, minimum torque margin, drug specific corrosion factors, and the 
like. 

The sensed longevity parameter 52 is at least one sensed longevity parameter 52 
accessible by the processor, The sensed longevity parameter 52 serves as a means for 
sensing at least one sensed parameter 52 indicative of longevity for the implantable 
therapeutic substance infusion device 30. The sensed longevity parameter 52 can be 
stored in memory that is accessible by the processor to permit the processor to access 
many sensed longevity parameters 52 that can be sampled and stored in memory over a 
desired period. The sensed longevity parameter 52 is any measurable parameter that 
correlates to longevity of the therapeutic substance infusion device 30 such as implant 
time, elapsed implant time, battery voltage, mechanical indication, and the like. The 
mechanical indication can be any parameter that either directly or indirectly measures a 
mechanical operation in the therapeutic substance infusion device 30 such as therapeutic 
substance pump 46 cycles, therapeutic substance pump 46 torque, corrosion, and the like. 
When the desired mechanical indication is therapeutic substance pump 46 cycles, one 
embodiment uses a motor drive monitor coupled to the electronics 48 for counting the 
number of therapeutic substance pump 46 cycles. 

The longevity prediction program 54 resides in memory and serves as a means for 
predicting longevity of the implantable therapeutic substance infusion device 30 by 
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correlating the preset parameter 50 to the sensed parameter 52 to calculate an elective 
replacement period for the implantable therapeutic substance infusion device 30. The 
longevity prediction program 54 reports an elective replacement indicator in advance of an 
end-of-life period for the implantable therapeutic substance infusion device 30. The 
elective replacement indicator can be annunciated audibly, tactilely, audibly, electrically 
by transceiver circuitry, and the like. The elective replacement indicator permits the 
implantable therapeutic substance infusion device 30 to be operated closer to the end-of- 
life period for the implanted therapeutic substance infusion device 30 thereby extending an 
effective life of the implantable therapeutic substance infusion device 30. 

Some embodiments can include a longevity extension program 56 contained in 
memory. The longevity extension program 56 selectively implements predetermined 
functional limitations to the implantable therapeutic substance infusion device 30. By 
implementing function limitations, critical functionality of the implantable therapeutic 
substance infusion device 30 can be extended beyond the calculated end-of-life period for 
the implantable therapeutic substance infusion device 30. The predetermined functional 
limitations can be any function limitation that is not critical to the therapy being delivered 
to the patient such as limit audible alarm duration, limit audible alarm drive level, limit 
pump flow rate, limit pump bolus rate, and the like. 

The implantable therapeutic substance infusion device 30 with active longevity 
projection can be understood using by considering the following prophetic examples based 
upon empirical data from a infusion device similar to the SynchroMed® Infusion System 
available from Medtronic, Inc. and the formulas described. FIG. 7 shows a table with data 
to indicate that longevity of a therapeutic substance infusion device 30 embodiment can be 
determined by different factors depending on how the infusion device 30 is operated. The 
factors that determine infusion device 30 longevity can be corrosion, battery 42 capacity, 
mechanical wear such as determined from the accumulated infusion pump 46 revolutions, 
and the like. Infusion device 30 corrosion effects are based upon empirical data and can 
vary according to the therapeutic substance 36 being infused. Battery 42 longevity was 
calculated with the following simplified formula = (Equation 1) where battery energy is 
about 21,600 Joules based upon a battery rated at 3 V, 2 amp-hours; motor energy also 
includes peristaltic pump 46 energy which is typically about 8 mJ/pL with a pumping 
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volume of about 60jiL per motor revolution; and, hybrid electronics 48 have a current 
drain of about 5pA. Mechanical wear longevity is based upon empirical data. 

FIG. 8 shows a graph of how battery 42 life can vary with flow rate, also known as 
infusion rate, of an implantable therapeutic substance infusion device 30 embodiment. 
The graph shows that as the daily delivery rate of the infusion pump 46 increases the 
battery 42 life decreases. FIG. 9 shows a graph of accumulated pump 46 revolutions 
versus flow rate to show how battery 42 life can very with accumulated pump 46 
revolutions. The following formula can be used to calculate accumulated pump 46 
revolutions. Accumulated Pump Revs = (Equation 2) where is the amount of therapeutic 
substance 36 to be infused during a 24 hour period and is the number of peristaltic pump 
46 revolutions to pump a of therapeutic substance 36. The graph in FIG. 9 shows that at 
flow rates of greater than about 1 ,500 \iL per day the number of peristaltic pump 46 
revolutions determines the life of the infusion device 30. 

Operation 

FIG. 10 shows a flow chart of a method for operating a therapeutic substance 
infusion device 30 with active longevity prediction embodiment The method 
embodiment includes the elements of storing 56 at least one preset parameter 50, operating 
58 the therapeutic substance infusion device 30, sensing 60 at least one sensed parameter 
52, and calculating 62 an elective replacement period. Some embodiments can also 
include the elements of reporting 64 an elective replacement indicator and annunciating 66 
the elective replacement indicator. The method embodiment can also be expressed as a 
computer software product that includes a medium readable by a processor. The medium 
has stored on it instructions for projecting the longevity of an implantable therapeutic 
substance infusion device 30. When expressed as a computer software product, each 
method embodiment element corresponds to a sequence of instructions executable by the 
processor. Embodiments of both the method of operating a therapeutic substance infusion 
device 30 with active longevity prediction and method expressed as a computer software 
product have many embodiments. Some embodiments can include elements 
corresponding to the previously therapeutic substance infusion device embodiments such 
as a motor drive monitor, a longevity extension program, and the like. 

The method begins by storing 56 at least one preset parameter 50 accessible by the 
processor indicative of longevity for the implantable therapeutic substance infusion device 
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30. The preset parameter 50 can be stored in the therapeutic substance infusion device 30 
in a variety of ways such as by the manufacturer before implantation, by the clinician 
before implantation, by the clinician after implantation, and the like. After storing 56 the 
preset parameter 50, the therapeutic substance infusion device 30 is implanted into the 
patient if it has not already been implanted. 

The implantable therapeutic substance infusion device 30 begins operating 58 to 
infuse therapeutic substance 36 into a patient Operation 58 of the implantable therapeutic 
substance infusion device 30 is typically controlled by a therapy program approved by the 
treating clinician. A wide variety of therapy programs can be used in the therapeutic 
substance infusion device with each therapy program having operating parameters that can 
affect the elective replacement period and end-of-life for the therapeutic substance 
infusion device such as drug formulation, therapy, implant time, and the like. 

While the implantable therapeutic substance infusion device is operating 58, the 
device 30 senses at least one sensed parameter 52 that is indicative of longevity for the 
implantable therapeutic substance infusion device 30. The sensed parameter 52 any 
measurable parameter indicative of longevity such as elapsed implant time, battery 
voltage, a mechanical parameter, and the like. The mechanical parameter can be 
therapeutic substance pump 46 cycles, therapeutic substance pump 46 torque, corrosion, 
and the like. 

The longevity prediction program calculates 62 an elective replacement period for 
the implantable therapeutic substance infusion device 30 by correlating the preset 
parameter 50 with the sensed parameter 52. In one embodiment, the longevity program 
implements logic such as can be derived from the table in FIG. 7 to calculate the elective 
replacement period that can be determined by corrosion, battery longevity, and mechanical 
longevity depending upon the manner the infusion pump operated. 

The elective replacement period is reported 64 as an elective replacement indicator 
to permit the clinician or patient to consider options before replacement of the therapeutic 
substance infusion device 30 is required when the device 30 reaches its end-of-life. Hie 
elective replacement indicator can be report in any way that permits the clinician, patient, 
or both to use be aware of the elective replacement period such as annunciating 66 the 
elective replacement indicator with transceiver circuitry, an audible alarm, and the like. 
The elective replacement indicator can permit the implantable therapeutic substance 
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infusion device 30 to be operated closer to an end-of-life period for the implanted 
therapeutic substance infusion device 30 thereby extending an effective life of the 
implantable therapeutic substance infusion device 30. 

FIG. 1 1 shows a block diagram of a detailed implantable therapeutic substance 
infusion device with active longevity projection embodiment The preset parameters 50 
are typically stored 5.6 when the therapy is programmed. Operation 58 begins when the 
therapy is executed. Sensing 60 of the sensed parameter 52 occurs during updating of the 
sensed parameters. The elective replacement period is calculated 62 when the preset 
parameters 50 and sensed parameters 52 are processed. Reporting 64 of the elective 
replacement indicator can be done when the elective replacement indicator or pre-end-of- 
life condition is set 

FIG. 12 shows a block diagram of a longevity extension program 68 residing in an 
implantable therapeutic substance infusion device 30 with active longevity projection 
embodiment Operation of the longevity extension program begins when a pre-end-of-life 
(EOL) threshold has been met 70. Hie processor determines whether any of the infusion 
device functionality should be disabled or limited. Before the processor disables or limits 
functionality, the process determines whether any throttle system functions 72 established 
typically by the clinician should override the longevity extension program and cause the 
infusion device 30 to continue operation as programmed. Assuming the no throttle system 
function 72 is applicable to the pie-EOL circumstance, functionality is down selected 74 
by disabling or limiting functionality according to preprogrammed preferences that can 
include therapy type preferences, clinician preferences, and pre-EOL event preferences. 
Functionality that may be disabled or limited includes audible alarm duration, audible 
alarm drive level, infusion pump flow rate, bolus operation, and bolus rate. After the 
functionality is disabled or limited, the therapy is executed. 

Thus, implantable therapeutic substance infusion device 30 embodiments with 
active longevity projection more accurately predicts an elective replacement period for the 
infusion device 30 to increase the infusion device's 30 effective life, reduce the need for a 
clinician to perform static longevity forecasts for therapy changes, facilitate elective 
replacement scheduling for the convenience of the patient and clinician, and many other 
improvements. One skilled in the art will appreciate that the present invention can be 
practiced with embodiments other than those disclosed. The disclosed embodiments are 
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presented for purposes of illustration and not limitation, and the present invention is 
limited only by the claims that follow. 
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What is claimed is: 

1 . An implantable therapeutic substance infusion device with active longevity 
projection, comprising: 

a housing; 

a power source carried in the housing; 

a therapeutic substance reservoir earned in the housing, the therapeutic substance 
reservoir configured for containing a therapeutic substance and being 
refilled with the therapeutic substance while implanted; 

a therapeutic substance pump carried in the housing, the therapeutic substance 

pump fluidly coupled to the therapeutic substance reservoir, and electrically 
coupled to the power source; 

electronics carried in the housing, the electronics coupled to the therapeutic 
substance pump and the power source, the electronics including, 

a processor, 

memory coupled to the processor, 

an infusion program residing in memory, the infusion program capable of being 

modified once the therapeutic substance infusion device is implanted; 
transceiver circuitry coupled to the processor for externally receiving and 

transmitting therapeutic substance infusion device information; 
at least one preset longevity parameter residing in memory indicative of longevity 

of the implantable therapeutic substance infusion device; and, 
at least one sensed longevity parameter accessible by the processor indicative of 

longevity of the implantable therapeutic substance infusion device, 
wherein the memory contains a longevity prediction program that correlates the 

preset parameter to the sensed parameter to calculate an elective 

replacement period for the implantable therapeutic substance infusion 

device. 

2. The implantable therapeutic substance infusion device as in claim 1, wherein the 

longevity projection program reports an elective replacement indicator in 
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advance of an end-of-life period for the implantable therapeutic substance 
infusion device. 

3 . The implantable therapeutic substance infusion device as in claim 2 wherein the 
elective replacement indicator is annunciated by transceiver circuitry. 

4. The implantable therapeutic substance infusion device as in claim 2, wherein the 
elective replacement indicator permits the implantable therapeutic substance infusion 
device to be operated closer to the end-of-life period for the implanted therapeutic 
substance infusion device thereby extending an effective life of the implantable 
therapeutic substance infusion device. 

5. The implantable therapeutic substance infusion device as in claim 1, wherein the 
preset parameter is selected from the group consisting of: battery installation date, 
elective replacement battery voltage threshold, pre-end-of-life battery voltage threshold, 
end-of-life battery voltage threshold, implant time early replacement, end-of-life implant 
time, pump revolutions elective replacement, pump revolutions end-of-life, minimum 
torque margin, and drug specific corrosion factors. 

6. The implantable therapeutic substance infusion device as in claim 1 , wherein the 
sensed parameter is a mechanical parameter. 

7. The implantable therapeutic substance infusion device as in claim 6, wherein the 
mechanical parameter is selected from the group consisting of therapeutic substance pump 
cycles, therapeutic substance pump torque, and corrosion. 

8. The implantable therapeutic substance infusion device as in claim 1, wherein the 
sensed parameter is selected from the group consisting of elapsed implant time and battery 
voltage. 

9. The implantable therapeutic substance infusion device as in claim 1 , further 
comprising, 

a motor drive monitor coupled to the electronics for counting the number of 
therapeutic substance pump cycles to serve as the sensed parameter. 

10. The implantable therapeutic substance infusion device as in claim 1, wherein 
the sensed parameter is stored in memory. 

1 1 . The implantable therapeutic substance infusion device as in claim 1 , further 
comprising a longevity extension program contained in memory, the longevity extension 
program selectively implementing predetermined functional limitations to the implantable 
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therapeutic substance infusion device to extend critical functionality of the implantable 
therapeutic substance infusion device beyond the calculated end-of-life period for the 
implantable therapeutic substance infusion device. 

1 2. The implantable therapeutic substance infusion device as in claim 1 1 , wherein 
the predetermined functional limitations are selected from the group consisting of limit 
audible alarm duration, limit audible alarm drive level, limit pump flow rate, and limit 
pump bolus rate. 

13. An implantable therapeutic substance infusion device with active longevity 
projection, comprising: 

a housing; 

a power source carried in the housing; 

a therapeutic substance reservoir carried in the housing, the therapeutic substance 
reservoir configured for containing a therapeutic substance and being 
refilled with the therapeutic substance while implanted; 

a therapeutic substance pump carried in the housing, the therapeutic substance 
pump fluidly coupled to the drug reservoir and electrically coupled to the 
power source, 

electronics carried in the housing, the electronics electrically coupled to the 

therapeutic substance pump and the power source, the electronic including, 
a processor, 

memory coupled to the processor, 

an infusion program residing in memory, the infusion program capable of being 

modified once the implantable therapeutic substance pump is implanted; 
transceiver circuitry coupled to the processor for externally receiving and 

transmitting implanting therapeutic substance infusion device information; 
means for storing at least one preset parameter indicative of longevity of the 

implantable therapeutic substance infusion device; 
means for sensing at least one sensed parameter indicative of longevity for the 

implantable therapeutic substance infusion device; and, 
means for predicting longevity of the implantable therapeutic substance infusion 

device by correlating the preset parameter to the sensed parameter to 
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calculate an elective replacement period for the implantable therapeutic 
substance infusion device. 

14. The implantable therapeutic substance infusion device as in claim 13, further 
comprising a means for reporting an elective replacement indicator in advance of an end- 
of-life period for the therapeutic substance infusion device. 

15. The implantable therapeutic substance infusion device as in claim 14 wherein the 
elective replacement indicator is annunciated by transceiver circuitry. 

16. The implantable therapeutic substance infusion device as in claim 14, 
wherein the elective replacement indicator permits the implantable therapeutic substance 
infusion device to be operated closer to the end-of-life period for the implanted therapeutic 
substance infusion device thereby extending an effective life of the implantable 
therapeutic substance infusion device. 

17. A method for calculating an elective replacement period for an implantable 
therapeutic substance infusion device, comprising: 

storing at least one preset parameter accessible by the processor indicative of 
longevity for the implantable therapeutic substance infusion device; 

operating the therapeutic substance infusion device to infuse therapeutic substance 
into a patient; 

sensing at least one sensed parameter indicative of longevity for the implantable 

therapeutic substance infusion device; and, 
calculating an elective replacement period for the implantable therapeutic 

substance infusion device by correlating the preset parameter with the 

sensed parameter. 

18. The method as in claim 17, further comprising reporting an elective 
replacement indicator in advance of an end-of-life period for the therapeutic substance 
infusion device. 

19. The method as in claim 18, further comprising annunciating the elective 
replacement indicator with transceiver circuitry. 

20. The method as in claim 1 8, wherein the elective replacement indicator permits 
the implantable therapeutic substance infusion device to be operated closer to an end-of- 
life period for the implanted therapeutic substance infusion device thereby extending an 
effective life of the implantable therapeutic substance infusion device. 
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2 1 . The method as in claim 1 7, wherein the preset parameter is selected from the group 
consisting of drug formulation, therapy, and implant time. 

22. The method as in claim 17, wherein the sensed parameter is selected from the 
group consisting of elapsed implant time, battery voltage, and a mechanical parameter. 

23. The method as in claim 22, wherein the mechanical parameter is selected from the 
group consisting of therapeutic substance pump cycles, therapeutic substance pump 
torque, and corrosion. 

24. The method as in claim 17, wherein the sensed parameter resides in memory. 

25. The method as in claim 17, further comprising, 

a motor drive monitor coupled to the electronics for counting the number of 
therapeutic substance pump cycles to serve as the sensed parameter. 

26. The method as in claim 1 7, further comprising, 

a longevity extension program residing in memory, the longevity extension 

program selectively implementing predetermined functional limitations to 
extend critical therapeutic substance infusion device functionality beyond 
die calculated end-of-life period for the implantable therapeutic substance 
infusion device. 

27. The method as in claim 26, wherein the predetermined functional limitations are 
selected from the group consisting of limit audible alarm duration, limit audible alarm 
drive level, limit pump flow rate, and limit pump bolus rate. 

28. A computer software product that includes a medium readable by a processor, the 
medium having stored thereon instructions for projecting the longevity of an implantable 
therapeutic substance infusion device, comprising: 

a first sequence of instructions when executed by the processor, causes the 

processor to access at least one preset parameter indicative of longevity for 

fee therapeutic substance infusion device; 
a second sequence of instructions when executed by the processor, causes the 

processor to access at least one sensed parameter indicative of longevity for 

the therapeutic substance infusion device; 
a third sequence of instructions when executed by the processor, causes the 

processor to correlate the preset parameter with the sensed parameter to 
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calculate an end-of life period for the implantable therapeutic substance 
infusion device; and, 
a fourth sequence of instructions when executed by die processor, causes the 

processor to use the end-of-life period to calculate an elective replacement 
period for the implantable therapeutic substance infusion device. 

29. The computer software product as in claim 28, further comprising a fifth 
sequence of instructions when executed by the processor, causes the processor to report an 
elective replacement indicator in advance of the end-of-life period for the therapeutic 
substance infusion device. 

30. The computer software product as in claim 29 wherein the elective 
replacement indicator is annunciated by transceiver circuitry. 

3 1 . The computer software product as in claim 29, wherein the elective 
replacement indicator permits the implantable therapeutic substance infusion device to be 
used for a period closer to the end-of-life period thereby extending an effective life for the 
implantable therapeutic substance infusion device. 

32. The computer software product as in claim 28, wherein the preset parameter 
is selected from the group consisting of drug formulation, therapy, and implant time. 

33. The computer software product as in claim 28, wherein the sensed parameter is 
selected from the group consisting of elapsed implant time, battery voltage, and a 
mechanical parameter. 

34. The computer software product as in claim 28, wherein the mechanical parameter 
is selected from the group consisting of therapeutic substance pump cycles, therapeutic 
substance pump torque, and corrosion. 
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